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MICROSPHERES USEFUL FOR THERAPEUTIC 
VASCULAB "OCCLUSIONS AND INJECTABLE 
VAS cSn Hfi CO^ r^r. TKF. SAME 

5 This invention concerns the subject of materials 

for embolization. In particular, it concerns new 
calibrated and adhesive particles, especially suited 

to embolization. 

Therapeutic vascular occlusions (embolizations) 
10 are techniques used to treat certain pathological 
conditions in situ. They are practiced generally by 
means of catheters making it possible, under imagery 
control, to position particulate occlusion agents 
(emboli) in the circulatory system. They can concern 
15 the vessels of various processes: tumors ,. vascular 
malformations, hemorrhagic processes, etc. Notably, 
in the case of tumors, vascular occlusion can suppress 
pain, limit blood loss on the surgical intervention to 
follow embolization or even bring on tumoral necrosis 
2° and avoid the operation. In the case of vascular 
malformations, it enables the blood flow to the 
"normal" tissues to be normalized, aids in surgery and 
limits the risk of hemorrhage. In hemorrhagic 
processes, vascular occlusion produces a reduction of 
2 5 flow, which promotes cicatrization of the arterial 

opening(s) . 

Furthermore, depending on the pathological 
conditions treated, embolization can be carried out 
for temporary as well as permanent objectives 
30 Different types of emboli are known in the prior 

art in particular, liquid agents (acrylic glues, 
gels, viscous suspensions, etc.) or particulate agents 
(miscellaneous polymers, dura mater, gelatin sponges, 
spheres, balloons, spirals, etc.) can be involved. 
35 The major disadvantages of the known liquid emboli 
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. . * _ tox icity to the tissues, which can 
reside in their toxicity 

generate necrosis phenomena, and in the risk 

sticking of the cathet ^ S * emboli available 

The disadvantages of the soiia e 

! 11tf due to their nonspherical and hard-to 
5 are essentially due to ic characte r, to 

calibrate shape, to their no y 

their hardness « ^ * ^^pjua* to remedy 

Th e present invention makes it P ^ 
the above-mentioned disadvantages. The app 
* HB h uncovered particularly advantageous 
10 in fact, uncover p ma terials, making 

properties of certain spherical 

im. their very effective use as emboli, 
possible their ver * . obtai ned by 

invention also resides in new emb ^ ^ ^ 

edifications of those materials, wit: 

15 application ^-^^ti. resides more 

cifTcafly n tL use of microspheres consisting of 

TZ^^ — r coated with a cel 

adhesion promoter. _ nrprns the use of 

„ particular, the ~ ^ » - 
^crospheres of dimeter ranging between 



20 

about 2,000 Mm. 



25 



30 



35 



about 2,000 Mm. defined above 

surprising, the 4 ^ -(llaa ,. 
present properti-^ « properties 
Hotably, they are the only emhol stabiUty . 
of effectiveness, hioc^n Uty^nd * 
More precisely, the microsphere, as. 

„„,,- , 10 o% occlusion of the vascui«x 
invention affords a 100* cslibr et.d, which 

lumen. Furthermore, they 

— ^Uny^ onr^rhahi. and 
^edTe^ch allow, for a durahl. 

nontoxic, biocompatible in vicr 
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lines, as well ee i, vivo and adheeive to the vasoular 
wall through the oell growth they promote. 

These microspheres ere also stable. Thus, they 
are both flexible and deformable. in order to pass 
5 into small catheters without undergoing 

but perfeotly resistant to the pressures generated by 
the embolization operations. They are likewise 
thermally stable, in order to be sterilised or frozen, 
a„a stable in suspension, in order to be preserved in 
» suspension and injected with difierent liquids. 

Finally, their hydrophilio oharaoter enables them 
to b. plaoed in suspension, notably, in the form of 
sterile and pyrogenic injectable solutions, without 
formation of aggregates nor adhesion to the walls of 
l5 the catheters, syringes, needles and other materials 
used in embolization. 

The hydrophilio acrylic copolymer preferebly 
contains in copolymerized form about 25 to about 98* 
neutral hydrophilio acrylic monomer by weighty about 2 
20 to about 50* difunctional monomore by weight and about 
0 to about 50* by weight of on. or more monomers 

carrying a cationic charge. aurf ace 
The presence of a cationic charge on the surface 
of the microsphere maKes it possible to initiate and 

25 improve cell adhesion. 

By way of example, the copolymers deserved in 
French Patent 2,378,808 can be suitable in this 
invention in formation of the base copolymer. 

as hydrophilio acrylic monomer, the acrylamide 
30 and its derivatives, the methacrylamide and its 

derivatives or the hydromethylmethacrylate can be more 

specifically cited. „ 

As example of difunctional monomer, the N,N 
n ethyrene-Ms-acrylamide, K^.-diallyltartradiamide or 
35 even the glyoxal-bis-acrylamide can be cited. 
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_„ TnoT . havina a cat ionic charge, 
Finally, as monomer having func tion 
those carrying a tertiary or quaternary amxne function 
nre erred! such as diethylaminoethyl acrylamide, 
Tthacrylamidopropyl trimethylammonium or even 
5 acrylamidoethyl triethylammonium. 

in a particularly advantageous manner, a 

copolymer containing about 25 to about 98% 
cop»j-j« a w nn1 4- 2 to about 50% N,N- 

methacrylamide by weight, about to a 
lethvlene-bis-acrylamid. by weight is wed. 
,„ Deferent types »f o.U adhesion promoters can be 

D i« eren * » adhesion promoters 

MPl :H; couagen gelaUn, glucosaminoglycans, 

can be of oollag .g (polylysine) or any 

" ^ihe cell adhesion promoter advantageously 
presents in the microsphere between about 1 and 
about 50* by volume of the hydrophilic acrylic 

20 T« particularly advantageous embodiment of 
the invention, it is possible to increase the 
.Ability of the microspheres in «^^f 
adhesion agent. By way ^ » ^ ^ Long 
gelatin, the reticulating agent can be 

25 the difunctional chemical agent s react^ - * 
gelatin amines (glutaraldehyde, formaldehyde, 

and the like). ,,__» has also developed new 

„jzr=,r,r= I—-. 

embolization. Notably, one 

.v, trials described in the prior art is the 
Z££Z - has in vis-U^ 
auring and after injection under the naked ey 



35 under imagery. 
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This problem is solved by e variant of the 
invention, consisting of identifiable 
containing an hydrophilio aorylic copolymer coated 
„ith a cell adhesion promoter and a marker. That 
property of microspheres can be obtained by 
'edification, during their synthesis or after their 

^Turing their synthesis, the modif icetions can be 
obtained by incorporation with the other comonomers 
, , functionalized monomer carrying an identifiable 
function making detection of the microsphere possible. 

For thst purpose, a more particular object of the 
invention resides in microspheres for embolization 
onsisting of a copolymer containing, in copolymerized 
5 form, about 25 to about 98% neutral "ydrophilio 
acrylic monomer by weight, about 2 to about 50% 
Afunctional monomer by weight, 0 to 50% by weight of 
one or more monomers carrying a cetionic charge, end 
about 1 to about 30% by weight of a functionalized 
; , monomer making possible the detection of the 

microsphere, coated with e cell adhesion promoter. 

More preferentially, microspheres having a 
diameter ranging between about 10 and about 2,000 „m 
are involved. 

25 as neutral hydrophilio aorylio monomer as 

difunotional monomer, as oharged monomers and as cell 
lesion agent, those previously defined can e ^ 
The functionalized monomer is generally obtained 
by chemioal coupling of the monomer with a marker, 

30 which can be: 

- , chemical dye, such es Cibacron Blue or 
Procion Red HE-3B, making possible a direct 
visualization of the microspheres [Boschette. J. 
Bl0 chem-Bic P hys. Meth. »: 21-3, (19B9, . ™ ™ 
,5 motion as functionalized monomer usable for this typ 
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*ina N-acryloyl hexamethylene Cibacron Blue or 
of marking N-acryxoy HE -3B. 

. ^r^C^C. as hariom or iodine 

W Boschett. at 1. (Ml- *»• 

4). In the case of barium or 
l0 France 1986 Ho. ) dlr . ctly Introdacea In 

M9 netlte salts, solution . 
powdered form in the I" 1 "" 1 ible to „„* 

such . = erythrosine or "^"^ 

injeota hle solutions contain. , — 
" SSnSi. ^spheres disputed In 

.approximately 2 oo , by usina 

The applicant has. in fact, ah ocelusion 
restri cted calih^ « ved . such 
» and i« distal =on«o^ ^ ^ . nproye 

injectable solutions « tre atment to 

- eK1CaCy ^"fte vessel to he emholiaed 
the diameter and nature or ™ 

"* <° ~r°ZZTL invention can he ohtained 
30 The microspheres or descr ibed in the 



35 
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X...C ana between about 40-C and 
oresenc. of a polymerization reaction initiator. 
P Z polarization initiator is advantageously 
chosen among the redox systems. Notably, xtU 
oossible to use combinations of an alkali metal 
persul ate with 

or wi* di»thylaminopropionitrile, organic peroxides 
such as benzoyl peroxide or even 2 , 2 • -azo-bis- 

"ts - ««~ - is adiptea * - 

.Killed in\he art to the quantity of monomers and the 
rate of polymerization sought. 

rotation can be carried out in Bass or in 



10 



l5 " case of a mas. polymerization, the agueou. 

solution containing the different dissolved 
constituents and the initiator undergoes a 

polymerization in a -^—^ loTctn 
possible to access a lump of aqueous g 
2 . then be separated into microspheres, by passing, for 
example, through the mesh of a screen. 

Vision polymerization is the preferred method 
• mates it possible to access 

of preparation, since it Bakes it poss 

with a liquid organic phase not misclbl. i» weter 

=.ihlv in the presence of an emulsifier. The rau 
possibly in the p n ^ 

„ of stirring is Iorning arops of 
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fcllowed by Measuring the temperature of the reaction 

Bedl "; is possible to use as organic phase vegetable 
or mineral oils, oertain petroleum o£ 
products, chlorinated hydrocarbons or a **** . « 

different solutions. Furthermore, in oase we 
those ai "* rent inolude8 several component, 

polymerisation „ add one ot them in 

(redox system), it is possioi 
the aqueous phase before emulsifioation. 
, Se microspheres thus obtained can then be 

recovered by cooling, decanting and filtration. They 
recovered oy category and washed to 

are then separated by size caT; g 1 

,<„ in ate any trace of secondary product, 
'^polymerisation stage can be followed by a 
5 staged reflation of the cell adhesion agent and 
nossibly by a marking stage in the case of 
^heres rendered identifiable by grafting after 

invention will be more completely described 
. by means of the following examples, which are to be 
considered illustrative a*, not limitative. 

SSffi ^ beaKer containing 100 ml of "mineralised 
, 58 a of sodium chloride and 27 g of sodium 
„ - t -; 58 »^ s S s f lved . oae adds 400 ml of glycerol 

T He PH is adjusted between 5.9 and 6.1. Then 
r.r^Ui— methylacrylamide - m, 
9 o 0 f Lthylaminoethylacryl-amide end 1 heats at 60- 
3. B ethylene-Ms-acrylamide ere ™* ^ u 

^ tTe'mixLre is adjusted to 
added. The total voj.um 70 
98 0 ml by addition of hot water and then 20 ml 
^ammonium persulfate solution and 4 ml of 
, 5 H ,H',N-tetramethylethylenediamine are added. 
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This solution is poured into paraffin oil at 50- 
70"C stirring. After a few minutes, the 
polymerization reaction of acrylic monomers is 
manifested by an increase of temperature The 
5 microspheres are then recovered by decanting, washed 
carefully, screened and sterilized in an autoclave xn 

a buffered medium. 

Those microspheres, after screen calibration, 
possess the characteristics desired for embolization, 
10 including a marked cationic charge and an effective 
adhesion agent (gelatin or denatured collagen) . 

F.VAMPLE 2 , . . 

The procedure of Example 1 is followed, using 
15 triethylaminoethyl acrylamide instead of 

diethylaminoethyl acrylamide. _ 

After recovery of the spheres, the gelatin is 
reticulated by means of a 25% glutaraldehyde solution 
(10 0 ml of all of the microspheres) . The treatment is 
20 carried out stirring at 4-c overnight. It is followed 
by a washing with demoralized water. 

EXAMPLES3_AND_j4 

The procedure of Examples 1 and 2 Is followed, 
Placing 10 g of N-tris-hydroxymethyl 
XucUaJd. with 10 g of H-acrylcyl methylene 

" :i::;=p.er« ^ « T - 

coloration due to the Integration of the acryl.c dye 

30 in the polymer lattice. 

Those microspheres are advantageously usable in 
direct view of the user at the time of handling. 



35 
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" ::rrrrr " 

direct view of the user at ™ 

10 EaMaEeOJm-S £ Bicr0S pheres obtained 

One hundred °* WMhed witn a 0.1 M 

^r^rr* ltj.^— - - - - • 
- — SL^r rr-r. — — - • 

colorless supernatant. 

Those red-oolored sicrospheres are then 
calibrated and steriXised, and can he used » 
20 percutaneous esboiisation. 

^^Sdur. of ! -d 2 is viewed. 

repXacin, 10 • -J^«S. -~ » - 
" ^^^r^o,.-^,,,- 

^tetcrospheres obtained possess the property of 
absorb X-rays and are therefore o partner 

a. - 4. h oir in vivo follow-up after 
30 interest in their an vav 

embolization. 

The procedure of Examples 1 and 2 i 
35 adding to the initial monomer solutxon 5 g 
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opaque soluble linear poller, acrylamino-3-tniodo- 
2,4,6-benzoic polyacid (Examples 11 and 12) or 
( acrylamino-3-propionamido) -3-triiodo-2 , 4 , 6-benzoic 
polyacid (Examples 13 and 14). 

5 Those polymers, having a molecular weight 

exceeding 100,000 daltons, are imprisoned in the 
polymer lattice and, without disturbing the general 
properties of the microspheres for the applications 
claimed, make it possible to attain a radiopacity 

10 usable for the in vivo follow-up of embolization 
operations . 

T!TAMf T Ti i g 15 ANP 16 ,, - 

The procedure of Examples 1 and 2 is followed, 

15 adding to the initial monomer solution 200 g of barium 
sulfate power. The microspheres obtained are opaque 
to both visible light and X-rays. 

20 The procedure of Examples 1 and 2 is followed, 

adding 50 mg of magnetite (FeA) to the initial 

monomer solution. 

The microspheres obtained have the property of 
being detected in (Magnetic Resonance Imaging) MRI 
25 imagery. 

« ii - comparative evaluation of two types of 
nonresorbable spheres 
The study consisted of injecting two types of 
30 calibrated microspheres, some prepared 

Example 2, the others of polystyrene (Biosilon Nunc 
Danemar*), in pulmonary arterial vase Ration of 
the rat and of observing on days 0, 8 and 30 the 
extent of the cell reaction and the remodeling 
35 modalities of the occluded vessels. 
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The study revealed four important facte. 
. pl acement in suspeneion and vaeouler injection ot 
the Polystyrene spheres is difficult end = 

m P * fal nar rowing constituting the 

formed at the segmental narrowing 

4-v,o hase of the catheter ana 
5 nozzle of the syringe, the base or ^ 
5 nozzie oi. ^Mmter of the catheters; 

the possible changes of diameter oi u 
TJL cell reaction is earlier, .ore intense and .ore 
aurabl. with the spheres of Example 1 than with 
Poxystyrene. On the 8th day the threes of the 
l0 faction covering the spheres of the invention is 
" Ilact three ti.es greater than that coding the 
polystyrene spheres (24 , as compared o 3 M, . 
- there is no differences in kinetics 

1S :r;ro.r n - -~ 

-T —spheres of the — 
ar e nor. manageable and more effective as adhesive 
agent. 

" ExaaoleZi " evaluation in 89 patients 

EBaE ^ a ndr.d procedure were carried out on 
various processes: 18 tuners, 75 art.riov.noue 
^formations (12 facial aVM-s, 40 * 

„ cerebral AVM's) and 6 Miscellaneous (including 

".'sphere* used were spheres prepared according 
,<>„-.tea so as to obtain the following 

t0 T,2Z ^>tto 4 .-CO, ,00-800, 800-1000 

segments (in im) ■ 200 readv -to-use bottles. 

3. and X00O-12OO, in J ^ remar!cs 

At the conclusion of this stuay, 

^ b t "te injection of these spheres is extremely 
si.Pl. and easier than with all of the o«-« ^stin, 
,5 particles. At no time did any phenomenon UXe 
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blocking of the systems necessary for in 3 ection 
(syringe, nozzle, base, connections, catheter, etc.) 
occur, out of the 100 procedures, no accident 
occurred which might have been related to the 
5 equipment, its nature or shape. The follow-up of 
injection of the microspheres under radioscopy was 
easily secured by the addition of contrast products to 
the solution containing the microspheres in the 
injection syringe. No phenomenon of incompatibility 
X. between the microspheres and the different commercxal 
vascular contrast products was observed. 

2 in the case of tumors, devascularization 
could always be perfectly controlled with the two 
parameters of quantity of spheres and their diameter. 
15 Distribution of the spheres around fixed in narrow 
segm ents maKes possible a better distal control of 
occlusion and command of the consequences of that 
occlusion: ischemia, necrosis, edema, etc. This is 
very important, particularly in conducting the 
20 embolization of certain tumors, like intracranial 
meningiomas, the tumoral necrosis of which can be 
accompanied by a severe edematous attack compressing 
the healthy brain. The clinical course of 19 cases of 
tumors made it possible to uncover a new strategy of 
25 treatment of some of the tumors, consisting of 

embolizing in several stages with growing calibers in 
order to devascularize the tumor preoperative^ . 

3 in arteriovenous malformations the size 
required for the particles varied according to the 
30 process with, on first approach, the following 

tendencies: 

'- facial AVM: 300, 500 fl 

- medullary AVM: 700, 900 /x 

- cerebral AVM: 900 to 1500 M 

35 
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10 



4 . stuay - the corr^ion ^.tologieel 
data for two types of cusp distribute d in broad 

^ntr «ea over narrow 

group trwtea «■« P btoaa stents, 

segments than in the one trea invention 
» ooncxueion: - ^^ll Proee.ee. ana 

size peak, are olose together. 

BtMB ^.t i v. atuav of the durability of o— 
* ni.rv erteriovenous malformations treated with 
^rST-S—X pertiele. ana miero.ph.re. 

- ^^erie. - angiomas 

There were 84 afferent. ana 26 with 

eeholizea: 48 with a non.ph.ncal materxal an 
the microspheres. 

^rratrrr oX.n - - . ^ 

Mlfora .tion wa. acoompli^ea to only 5.4% 

! not the occluding agent is spherical, 
to whether or not the occ . g0% with 
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Bffll TR <M)ffiB-Ig : embolization which 

l - * BiCr TiuI C c "polymer coated with 
comprises a hydrophxlx .aery! 

. e .n adhesion ^"^^u.ation according to 

2 . , -»»-*r. f f 0 ^ - - containing, in 
claim i, which ^ i "'; 2 f t0 lut 98* nautral 
copolymeri2ed form, abou 2 t0 

hy orophilic acrylic monomer by weigh , q ^ 

i- - dUunct- * — «^ bavin, a 
.0 about 50% by weight of one ^ ^ by we . gSt o£ 
cationic charge, and abo ^ detection 

a tunctionalUed monomer maKing P ^ 
of the microsphere, coated with 

promoter. acc ording to claim 2, 

15 3 * M f T, ^ junctionalized monomer 

characterized in U»»* to a marKin, 

comprises a monomer "^^^ ot dyes, 
agent selected from the gr° f 
imaging agents and contr. -t*** - , 

20 - ^^ ^^1^ monomer i. 

characterized in that the £ ,,. acry loyl 
selected from the group ^ he xamethylene 

oexamethylone Cibacron Blue y 0) 

" STS '.cryr^-tri^^.e-benmoic 

polyacid. , acC ording to claim 3, 

" ' nrtt tne ZJ* agent is directly 
characterized in that mQnomer 
30 introduced in powdered form in 

solution. wording to claims 1, 2, 3, 

6 . A microsphere ^cording ^ ^ 

4 , or 5, having a diameter ranging 



about 2,000 jm- 

35 
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7 An injectable solution for embolization. 

*' 5 r ^ injects solution ^ " 

5 which comprises microsphere. » approxom 

caliber segments. ^„ aM utic embolization of 

microspheres which comprises a 

a microsphere according to ex • 

9 which 

comprises microspheres having a ax 

a *,out 10 and about 2,000 p*. 
between about io an 

n The method accordxng to cxax 

a in that the acrylic copolymer comprises, 
characterized in that t ?g% neutral 

15 in copolymerized form, about 25 a ^ 

hydr ophilic acrylic monomer >y weigh , ^ ^ q 
about 50% Afunctional — 
to about 50% by wexght of one o 
carrying a cationic xl , 
- -"I :C a : n^ Uophilic acrylic 

rr^Ti^- - .oup consisting of 
acrylamides, methacrylamides and 
hydroxymethlymethacrylate. 

The method accordxng to cxai 
25 ! « that the difunctional monomer xs 

characterxzed xn that ra n , N 1 -methylene- 

Ms-acrylamxde, N N axax * 
bis-acrylamide. u 
14. The method according to cla 

^ *~ 4-v.st- the monomer navmy 
-trU, a tertiar, 

35 charae^ in that the cell aahesion promoter 
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.elected from the group consisting of <=°»*< en ; 
gelatin, glucosaminoglycans, fibronectin, lectins, 
POlyeations and any other natural or synthetic 
biological cell adhesion agent. 

16 The method according to claim 15, 
Caracterized in that the cell adhesion promoter 
represents about 1 to about 50% by volume of the 
acrylic copolymer. 
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